Abstract. We identify a new type of data integration problem that arises in functional genomics research in the context of large-scale experiments involving arrays, 2-dimensional protein gels and mass-spectrometry. We explore the current practice of data analysis that involves repeated web queries iterating over long lists of gene or protein names. We postulate a new approach to solve this problem, applicable to data sets stored in XML format. We propose to discover data redundancies using an XML index we construct and to remove them from the results returned by the query. We combine XML indexing with queries carried out on top of relational tables. We believe our approach could support semi-automated data integration such as that required in the interpretation of large-scale biological experiments.
Introduction
The field of functional genomics promises to provide an understanding of the cellular processes that control development, health and disease. The advent of largescale laboratory techniques including sequencing, microarrays and proteomics has revolutionised the discipline and allowed biologists to take a global view of biological processes. A sequencing run 3 , a microarray experiment 4 or a 2-D protein gel 5 suddenly deliver a large amount of data that needs to be assessed with relationship to a particular problem being investigated. Current data acquisition and processing methods that rely on web browsing and querying for single genes of interest are no longer sufficient. A microarray experiment can yield a list of 500 gene names, all possibly implicated in the mechanism of a biological process or disease that is being investigated. Tools such as Sequence Retrieval System (SRS) 6 [10] provide a means of executing a query over a range of data sources but do not integrate the results. Keyword searching can be used to limit the range of results but still produces large numbers of links that need to be investigated. The biologists we work with are able to identify lists of genes but have not solved the problem of data and literature acquisition that would help to place each gene in its context. The interpretation of gene expression and protein expression data requires data integration on a large scale. We believe that a new generic approach to data integration is needed. We can no longer afford to manually create new wrappers, mappings and views expressing the information need of every biologist performing genome or proteome analysis. A generic solution would be preferable. Since a significant number of biological databases are available in XML format, we have the opportunity to use that format for semi-automated data integration. We propose an XML data integration system that can gather all available XML data for any gene of interest and present the biologist with a digest of all known information, similar to GeneCards [16] but not limited to the Homo sapiens species.
The eXtensible Markup Language, XML 7 , is one of the alternative formats used in biological data presentation. In particular, the SRS system handles XML easily and provides tools for the indexing of such data. SRS does not however integrate data, instead, integrated data views have to be crafted by skilled programmers. The biological users we know have to manually retrieve and integrate data. It is our intention to provide a data integration service for such users. We propose a different scenario. Our user is a biologist performing a large-scale biological experiment. The experiment produces a list of gene or protein names and our task is to find all available information about those data items from the public web databases.
We believe that a gene-or protein-focused view of all biological databases can satisfy the needs of a large number of researchers. An XML tree giving a summary of all information relevant to a given gene or protein could be processed by a data integration system and stored as a pre-processed summary. Each user would then select from that summary a relevant subset of information. Creating an XML tree for a gene can be done simplistically, by creating a root and attaching a gene-specific subtree from each database to that root. However, this solution is not satisfactory because the same data will be replicated in many subtrees. We aim to integrate the data at the XML level while taking into account both the data structure and content. We adopt ideas from the data mining community where both the tree structure and content are considered. We combine this idea with the use of database indexes that will make possible an approach similar to data mining on very large data sets. By indexing we reduce the computational complexity of the processing needed to find correspondences between different paths in XML trees, and by using simple queries on all indexed data we can develop well-founded mappings to be used to remove duplicated information.
Our work is based on the following assumptions and observations. We observe that biological databases are developed independently, and their XML structures have various levels of nesting and often use disjoint vocabularies in their tree structures. Because the data comes from various domains (for instance
